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Ultrasonic Selective Hypophysectomy by Professor Michele Arslan MD (Clinica Otorinolaringoiatrica dell' Universiti, Padua, Italy)
The long experience acquired in our Department in the application of ultrasonic energy in different fields of otolaryngology has led to a new technique of ultrasonic hypophysectomy.
Ultrasonic hypophysectomy has the advantages of neither having to open nor to perforate the dural capsule of the pituitary gland, nor of causing intracapsular hemorrhage. It avoids secondary intracranial infection or meningitis, and if the first ultrasonic irradiation proves to have been insufficient the process can be repeated by a bloodless procedure.
EXPERIMENTAL RESEARCHES
Research was first carried out on dogs, and we studied the histological and hormonal effects produced by the direct ultrasonic irradiation of the pituitary applied with variable intensity and duration (Arslan & Ricci 1967) . The approach to the hypophysis of the dog was carried out via the transpalatal route; the soft palate was incised under general anesthesia and the soft tissues of the rhinopharynx detached. The next procedure was to drill a 5-6 mm hole in the bone anterior to the spheno-occipital synchondrosis; after removal of all bone fragments the dural layers covering the hypophysis were completely exposed. A rod, similar to that used for ultrasonic irradiation of the human pituitary, was applied to the dural capsule through the bone opening. After irradiation the cavity was filled with antibiotic powder and the palate sutured.
Results
The animals showed a definite fall in the urinary 1 7-ketosteroids. In no case were appreciable histological lesions of the suprasellar endocranial region seen. A direct relation between severity of cellular lesion and intensity and time of irradiation, or both, was observed. We therefore believe that a selectivity of the protoplasmic effect of ultrasound, as recorded in the fundamental research in this field carried out by Fry (1958) , can achieve in some case3 a 'normalization' of the hormonal secretory pathological processes.
Numerous experiments have been done with both the Federici and the new Siatem apparatus on groups of 5 dogs, one animal in each group being a control. The results of some of these experiments are reported as follows:
Group 1: Subjected to irradiation of 2 5 W/cm2 for forty minutes. Two animals were saciificed after ten days, and a further 2 after a year. All these animals were female; the 2 sacrificed after a year were never fertile. There was no biochemical humoral control, only the histological examination of the hypophysis has been carried out.
Group 2: These were male dogs of mediumn size, they were irradiated with 2-5 W/cm2 for forty minutes. Excretion of cortisol and of the 17-ketosteroids was controlled. The animals were sacrificed at eight days. Histological and histochemical examination of the hypophysis was carried out.
Group 3: Male dogs of medium size. Using the new Siatem irradiator the dosages were as follows: Two dogs were irradiated for ten minutes with 15 W/cm2 and 2 for the same length of time with 45 W/cm2. There was humoral control of the excretion of cortisol and of the 17-ketosteroids and the animals were sacrificed at eight days. Histological and histochemical examination of the hypophysis was carried out.
Histological Results
Group 1: The animals sacrificed at ten days showed moderate histological lesions in a diffuse oedema of the parenchyma of the hypophyseal gland (anterior part) with diffuse hyperemia of the sinusoids. The basophil cells appeared deprived of their cytoplasmic granules and their protoplasm showed irregular vacuolization. The eosinophil cells showed irregularities of the cytoplasm, which appeared homogeneous and sometimes with vacuoles. No appreciable lesions of the post-hypophysis or the diencephalon were found.
The animals sacrificed after a year presented a moderate thickening of the connective tissue and of the wall of the sinusoids; no qualitative alterations of the cells were observed. Even if a global evaluation is extremely difficult we think that a diminution in numbers of the eosinophil and basophil cells to the advantage of the chromophobe cells can be noted.
Group 2: When these dogs were sacrificed, eight days after irradiation, we could see the lesions produced by the ultrasound on the anterior hypophysis. The lesions appeared as an intense hypertmia of the whole parenchymal tissue of the gland, with diffuse interstitial cedema and damage to the functioning cells of the organ. In the latter we observed, in fact, the presence of little vacuoles in the cytoplasm of both eosinophil and basophil cells, almost all of which showed fragmentation of the protoplasm. In some areas only the cellular nuclei, showing pyknosis, remained, while the cytoplasm was completely destroyed.
On the whole, the results of the ultrasonic beam showed some irregularity: close to muchdamaged areas other areas could be seen in which the tissue was preserved and nearly uninjured. Distribution of maximum injury was very irregular: destructive lesions were fiequently observed under the dura mater of the hypophysis (hypophyseal capsule), while, in depth, they did not show precise disposition.
Group 3: In these animals, which were irradiated with higher intensities, the hypophyseal tissue had larger lesions but of the same nature as those already described. In fact, not even with the maximum intensity of 45 W/cm2 for ten minutes was it possible to induce a true necrosis of the tissue. Destruction of the cellular cytoplasm, when maximal, reveals numerous naked nuclei, some surrounded by a thin halo of homogenous substance. Often large vacuoles appear in the cytoplasm, and here and there can be seen little areas of homogeneous, lightly basophilic substance, which we interpret as Crookes' bodies in process of reabsorption. In these hypophyses also the cellular lesions are distributed irregularly: ad-jacent to areas of severe destruction are others in which the hypophyseal structure is less damaged.
In general, the maximal lesions occur in the parenchyma immediately below the capsule.
Summary: The effect of ultrasound irradiation of the hypophysis is to produce cellular lesions which are very evident in the cytoplasm, less marked in the nuclei which, on the whole, present a normal structure. The cytoplasm of the basophil cells seems to be the most sensitive to the effect of ultrasound; this is confirmed by reduction of the 17-ketosteroids in irradiated animals. It is also noted that the effect of ultrasound on the hypophyseal parenchyma is irregular, resulting in the alternation of areas with very severe lesions with adjacent areas in which the tissue seems to be very little damaged. Everywhere, however, diffuse hyperemia and sometimes small interstitial hemorrhages can be observed. In no case were lesions of the suprasellar endocranial region seen.
CLINICAL APPLICATIONS
Thze Surgical Approach In the past the transethmoidal approach was used, but two years ago the following procedure was adopted and has been followed since: (1) General anesthesia with induced hypotension.
(2) V-incision of the nasal columella. (3) Vertical incision of the septum at the level of the posterior margin of the quadrangular cartilage. (4) Submucous resection of the anterior part of the septum, which is mobilized and displaced to the side of one of the two nasal fosst to form a single covering of the capsular sheath of the pituitary, to make it as free as possible. (10) Application of the irradiating probe which is firmly held on the capsule of the hypophysis. (11) The irradiating probe is cooled by circulating physiological saline solution at room temperature. (12) Irradiation with ultrasonic beam having frequency 3 MHz; intensity 40 ultrasound W/cm2; duration of irradiation fifteen minutes (using the new more powerful Siatem ultrasonic generator). (13) The anterior septum is replaced in the original median position. (14) The columellar incision is accurately sutured. (15) The operative cavity is packed loosely; posterior packing is found to be useless. (Figs 1 and 2 
.)
If the first dose has been proved by clinical and hormonal data to be insufficient, the irradiation may be repeated by a bloodless procedure two or more months later.
In our clinic 55 patients have been treated by this method.
Complications of Ultrasonic Hypophysectomy
The complications noted among our 55 patients are shown in Table 1 . Two patients died within a month of the operation but in neither case could death be attributed to the surgical or the ultrasonic procedure. Post-mortem examination did not reveal any suprasellar endocranial lesions. Both patients were extremely ill and in very poor general condition at the time of operation and this may explain the cardiac arrest.
There was only one case of cerebrospinal fluid rhinorrhoea and this was due to a surgical mistake which otcurred during drilling of the sellar bone wall: after twelve days the rhinorrhoea was definitely arrested with positioning of free muscle graft and packing of the sphenoid.
Re-irradiation of the Hypophysis Six of the 55 patients were irradiated a second time (Table 2) , the first having proved insufficient after clinical and hormonal tests. The interval between the two ultrasonic irradiations varied between two and twelve months. The procedure is completely bloodless as the approach through one nostril remains open and it is only done under general anesthesia. Radiographic checking before re-irradiation is advisable.
CLINICAL EFFECTS OF ULTRASONIC SELECTIVE HYPOPHYSECTOMY
Cushing's Syndrome Fifteen patients were operated upon by ultrasonic hypophysectomy. The post-operative course, clinical and hormonal effects of these patients are summarized in the following notes.
Post-operative course: All patients were able to stand within four to six days after intervention. There were no cases of meningeal symptoms, visual trouble, cerebrospinal fluid rhinorrhoea, &c. One patient presented particularly serious conditions, all hormonal therapy proved useless and he also suffered from sclerosis of the myocardium. He died of cardiac arrest seven days after the hypophysectomy. Post-mortem showed After the intervention diuresis increased considerably but became normal after thirty to forty days (Fig 3) . The plasma level of antidiuretic hormone (ADH) was much reduced at first but became normal later. This indicates that the ultrasonic irradiation determines a reversible inhibition in the posterior pituitary. the roughness of skin, facial rubor and hypertrichosis decreased. The blood pressure, which was remarkably lower immediately after the intervention, settled to 160/100 (Fig 4) . In some cases menstruation reappeared and was normal and regular. Variations in the hormonal picture: Six months after the intervention the post-operative variations in the output of urinary corticosteroids of 4 patients were measured (Table 4 ).
Dr G A Molinari, Dr G Crepaldi and others are carrying out studies in our Department of Endocrinology on the variations of ACTH, of plasma cortisol rate (Figs 5 and 6) and non-esterified fatty acids (NEFA) in twenty-four hours. The disappearance of the nyctohemeral rhythm of the cortisol is considered to be pathognomonic of Cushing's syndrome: our studies indicate that following this disappearance when patients are affected by this disease the rhythm is restored and becomes normal after intervention. In conclusion we can say that ultrasonic irradiation of the pituitary has a corrective and not a destructive effect on the function of the gland. We suggest the concept of 'normalization' of the pituitary functions to permit future research, and we emphasize that the opening to the sella is not occluded so that irradiation can easily be repeated.
Acromegaly
The syndrome of acromegaly is due to a lesion of the anterior lobe of the hypophysis, frequently caused by an eosinophil adenoma.
The disturbance of the hypophyseal secretion (not the lesion caused by compression of the nearest nervous centres) is the root cause of the symptoms of acromegaly. The nervous symptoms often presented by these patients are due to spreading of the tumour, compression of the optic chiasma (bitemporal hemianopsia) or endocranial hypertension. The hypogenitalism shown by patients severely affected by acromegaly is attributed to lesions of the floor of the third ventricle."
Owing to the excess of thyroid stimulating hormone (TSH) secreted by the eosinophil cells, hair is abundant, thick and bristly; eyebrows are thick and patients often present with hypertrichosis of the hands and fingers. If a gonadotrophic hyperandrogenism intervenes, as it may, during the first phases of the disease, a partial baldness occurs.
Growth hormone (GH) influences the formation of bone growthwith increase in length and volume of the bones. The thickening of the skin (bulldog skin) caused by hypertrophy of the epidermis and sclerosis of the derma, is due to somatotropin hypersecretion.
The arterial hypertension, which is generally not excessive, is interpreted as corticosuprarenal (hyperaldosteronism) and as premature atherosclerosis (hypercholesterolhmia). Enlargement of the cardiac area is caused by hyperplasia and hypertrophy of the cardiac muscle and increase of the interstitial connective tissue, as in the picture of general splanchomegaly. The progress of the disease, which is generally slow, depends on the growth of the hypophyseal adenoma.
Alterations in glucose metabolism occur, and a diabetic type of alteration, sometimes found in acromegaly, must be inteipreted as hypersecretion of hypophyseal factors with partial or total insular pancreatic insufficiency. Basal hyperglycemia with a moderate tendency to ketosis will be noticed. The nitrogen balance due to hypersecretion of TSH may be positive.
Differential diagnoses include Paget's disease, leontiasis and Pierre Marie's pneumo-arthropathy.
The response to ultrasonic hypophysectomy of 6 patients suffering from acromegaly is shown in Table 4 .
Diabetic Retinopathy
Four patients suffering from severe diabetes later complicated by retinopathy have been treated: one case had transitory cerebrospinal fluid rhinorrheea. After ultrasonic hypophysectomy the exudates of the vitreous body were partially reabsorbed and vision showed a moderate improvement (Table 4, Fig 7) . With patients having an insulin-deprived primary diabetes the glycemia showed no particular variation, but after the intervention sensitivity to insulin increased and a dose of insulin smaller than the pre-intervention dose was sufficient to balance the diabetes. This indicates that ultrasonic irradiation reduces secretion of the anti-insulin hormone, as, for instance, it does the somatotrophic hormone.
Advanced Cancer ofBreast or Prostate (Table 5) Twenty-eight patients have been treated by this method in our department. In general their condition improved greatly; pain stemming from metastases rapidly diminished or disappeared entirely in all patients. Hormonal tests showed pituitary inhibition (Table 3 ). In fact, the pituitary function, tested by estimating the 17-KS and 17-OHCS before and after intervention, was inhibited by ultrasonic irradiation; inhibition was achieved in 3 cases on a second irradiation.
It must be stressed that in 27 of these cases there was a total absence of surgical complications. One patient died of cardiac arrest (Case 2, in footnote to Table 1 ). The only complication we observed was a polyuria which decreased after some weeks following the use of posthypophyseal hormone. In no case did we observe cerebrospinal fluid rhinorrhoea, meningeal infection, neural or other complications. Reduction of bone metastasis was observed in nearly all patients and in some the metastasis seemed to disappear completely. In some patients the metastases reappeared three months or more after the intervention. 
DISCUSSION
Mr J C Jenkins (Leicester) said that when applying any physical force therapeutically to the body it was essential to measure that force. Thus when ultrasound was switched on, pressure ofthe emerging energy must be known. Therefore before applying this force, the output of the producing apparatus must be checked and calibratedsince all machines, particularly electrical, were liable to temperament.
Ultrasonic waves were vibratious occurring in matter at frequencies measured in millions of cycles per second (MHz) -usuaJly, in medicine, 1-3 MHz. They were produced by an electrical generator which would supply an oscillating current of approximately 3 MHz and this was fed to a quartz crystal or ceramic which transformed the electrical energy to ultrasonic sound waves at 3 MHz. To check the output of ultrasound from the tip of the applicator, an intensity meter was necessary and this took the form of a simple balance. Ultrasonic energy travelling through water exerted a one-way push away from its source and this pressure could be balanced against a weight at the rate of 66 67 mg per watt of acoustic power. In Leicester two types of generator with their intensity meters were used, and there was a Physics Department which now also kindly carried out this important work.
To deliver the ultrasound precisely to the pituitary gland the most accurate way, at least for early cases, was via the double approach, as practised by Mr Geoffrey Bateman and others. By this means the tip of the probe could be applied, under direct vision, closely on to the dura covering the pituitaryand direct contact was necessary since ultrasound did not pass through air except with difficulty.
The ensuing film demonstrated the technique of calibration for the two types of generator used at Leicester. (Baron et al. 1963 , De Micheli & Parisio 1963 , Maurici 1963 , Milton & Brown 1965 and Pantazopoulos 1965 . Few of these series comprise more than two or three personal cases, thus limiting their value when comparing different forms of treatment or evaluating the natural history of this disease. This paper is based on personal experience of 10 patients with malignant melanoma in the nose seen in the Royal National Throat Nose and Ear Hospital and an additional 15 patients treated at this Hospital by colleagues, whose notes have been made available for study.
It has been estimated that the incidence of malignant melanoma in the whole body is approximately 2 new cases per 100,000 population per year (Petersen et al. 1962) . When two large series of cases with this disease are combined (Moore & Martin 1955 , Pack et al. 1952 , in only 46 instances of 1,190 patients was the lesion found in the mouth or nose (1V7%). Allen & Spitz (1953) , investigating 934 cases of malignant melanoma, found only 0-85 % occurring in the nose, while Moore & Martin (1955) , investigating 1,546 cases, gave a figure of 0-5 %. With these figures in mind it is obvious that a series of 25 cases represents an unusually wide experience of an exceptionally uncommon condition.
Malignant melanomata in the nasal cavity are usually primary since there is rarely a history of previous skin lesions. Ringertz (1938) noted only two cases of proven secondary melanoma in the nasal cavityone additional case is reported in this paper. However, Attie & Khafif (1964) in their excellent monograph on melanotic tumours say that the majority of mucosal lesions are metastatic since no junctional changes are found and a study of the normal mucosa invariably fails to reveal the presence of melanocytes.
In the embryo, neural crest cells migrate to the dermis of the skin, to the substantia propria of mucous membrane and to the basal cells of skin and mucous membrane. They are all precursors of melanocytes. Although the former usually disappear after birth, the melanocytes at the basal
